S2
: Functional group assignments of organic compounds and factors used as species in AIOMFAC. AIOMFAC does not include experimentally-constrained interaction parameters for the bisulfate anion with ester, aldehyde, ketone, or aromatic carbon-alcohol functional groups (Zuend and Seinfeld, 2012) , although an analogy approach can be employed to estimate these interactions. In addition, organonitrate --ion interaction parameters are not yet available. When needed, these functional groups were assigned to another representative group. Isoprene-OA used in AIOMFAC consisted of measured Isoprene-OA minus explicitly represented isoprene-derived compounds. LO-OOA used in AIOMFAC consisted of measured LO-OOA minus explicitly represented monoterpene-derived compounds. BBOA used in AIOMFAC consisted of measured BBOA minus levoglucosan. For AMS PMF factors, functional group assignments were made by selecting a compound representative of the factor (levoglucosan for BBOA, 2-methyltetrol dimer for Isoprene-OA, C8O4H14 for LO-OOA, and fulvic acid for MO-OOA) and adjusting the functional groups up or down to result in an overall O:C and H:C more consistent with the PMF factor. Molecular masses were kept below 500 g mol -1 . All compound/factor concentrations were set ≥zero and the total mass normalized to reproduce total organic aerosol mass measured by the GT AMS.
AIOMFAC Functional Groups
Number )  15  1  0  3  0  0  1  2  2  0  2  1  1  0  3  0   (CH2)  14  1  0  2  2  1  0  1  1  0  2  0  0  0 
where Mi is the molecular mass of the species and N = Corg/200 g mol -1 . EVAPORATION, MYN, and NN structure-based estimates are provided by UMANSYSPROP (Topping et al., 2016) 
where ܲ ௦௧ is the pure species vapor pressure at temperature T, ߛ ఈ is the mole-fraction based activity coefficient for species i in the α phase, ‫ܥ‬ ఈ is the mass concentration of species i in the α phase, ‫ܥ‬ ఉ is the mass concentration of species i in the β phase, ‫ܯ‬ is the molecular mass of species k, and the summations are over all PM species (water, organic compounds, and inorganic compounds). The ‫ܥ‬ * could be defined analogously for the β phase. For one liquid phase, the equation reduces to:
where the effective PM molecular mass ‫ܯ(‬ ெ ) is: Figure S7: Liquid-liquid phase separation as a function of hour of day predicted by AIOMFAC for the ammonium-sodium-sulfate-nitrate-chloride and organic surrogates system. Shown is the percentage of the time a phase separation was predicted in a certain hour-of-day bin. For reference, the oxygen-to-carbon ratio based separation relative humidity (SRH) as parameterized by You et al. (2013) is shown in blue.
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Figure S8: r 2 (square of Pearson's r) between model predicted and observed Fp for each explicit semivolatile species. The x-axis location is arbitrary for the Traditional regression (equation S1). r 2 does not exceed 0.25 for any species or method.
